This study presents the ratio, which is defined between two vibration signals in the spectral domain, to be used in extracting the fault signatures from the signals. These two signals are considered as two different cases of the electric motor of 5 HP in terms of the faulty and healthy motor cases and hence, the comparison between two spectral variations is used as a method to show the fault characteristic. In this manner, the bearing damage of the electric motor of 5 HP are given within the range of 0-4 kHz and its J-curve is presented as an indication of the motor aging.
I. INTRODUCTION
LECTRIC motors play very important role in most industrial application. In this manner, safety operation of the electric motors under the different conditions are highly connected with the process reliability. In order to determine the faulty characteristics of the electric motors, there are two important approaches in the literature. One of them is modelbased detection, another one is also signal based approach. In the signal-based approach, the most popular method is spectral method, which is based upon the Fourier Transform [1, 2] . Nowadays, another popular method is wavelet transform and its different types in usage [2] [3] [4] . The wavelet transform based methods or applications are very powerful methods. As an example, Multi-Resolution Wavelet Analysis (MRWA) is in the form of the signal decomposition and hence, the signal to be analysed can be separated to subbands as filter outputs to extract the faulty signal band [3] [4] [5] [6] [7] . In addition, Continuous Wavelet Transform (CWT) is another alternative method to indicate the faults. The CWT has an additional property that is defined as redundancy, and hence it is used for the early detection of the faulty cases [3] [4] [5] [6] .
Meanwhile artificial intelligence based methods, like neural networks and fuzzy logic approaches are used for the feature extraction of the electric motor current or vibration signals [7] [8] [9] . Sometimes, instead of these methods, just statistical calculations can be sufficient to detect the faulty cases by means of the statistical parameter variations [6] [7] [8] [9] [10] [11] .
In this study, as an alternative approach to the fault detection methods defined in the literature above, a simple calculation defined as a ratio between two vibration signals of an induction motor of 5 HP is introduced and used to extract the faulty case. This study has so many advantages over the other classical methods: One of them is feature extraction in frequency domain and the determination of motor aging curve. In addition, the frequency range that is related with the faulty case can be identified depending on the apriory knowledge [11] [12] [13] [14] [15] .
II. POWER SPECTRAL DENSITY CALCULATION AND SPECTRAL RATIO
The Fourier transform is used to analyse a time-domain signal [1] [2] [3] . Nowadays, depending on developing of the fast computers, the Discrete Fourier Transform (DFT) are easily used for the signal analysis.
For a given data of N-samples, the transform at frequency m∆f is given by following equation:
Here: ∆f -is the frequency resolution,
The Y(m∆f) becomes of the DFT the signal y(t). The autopower spectral densities (APSDs) of x(t) and y(t) are estimated as below:
Where: f = m∆f With the similar way, it is rewritten for the signal y(t), as Syy:
The statistical accuracy of the estimate in Eqs. (2) and (3) increase as the number of the data points N. Hence, the spectral ratio can be given by the following equality: In this study induction motor of 5 HP is used for the test motor. After the accelerated aging studies of the motor [1, 2] , in order to detect and extract the bearing damage signatures, the following data collection system is used as shown in Figure 1 . During this procedure, the sampling rate is selected at 12 kHz and cutoff frequency of the low pass filter used in the signal conditioner unit is at 4 kHz. Also, the bandwidth of the accelerometer is 20 kHz. After the accelerated aging tests, motor performance is tested between the healthy motor case (initial case) and faulty motor case (final case) in terms of the vibration signals. In this manner, these vibration signals are given by the following figures, Figure 2 Comparing the vibration signals, it is seen that there is a increasing in the signal amplitudes and, also, some additional frequencies are appeared between the 2 and 4 kHz as an indicator of the bearing damage occurred at the end of the aging tests. Hence, these are called as the signatures of the bearing damage. After the feature extraction, which is related with the motor bearing damage. On the same data of the power spectral densities, the spectral ration variation that is defined by the Eq. (4) is calculated and it is shown by the following figures as well as aging curve. 
IV. CONCLUSION
In this study, some characteristics based upon bearing damage of the induction motor of 5 HP was examined and its aging cure was extracted from the experimental data. As seen in the figure (4), the upper critical frequencies of the motor in terms of the safety operation conditions can be indicated at around of the turning point of the aging curve after 3.5 kHz. This is also expected situation because the bearing damage was characterized between 2 and 4 kHz. 
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